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A Using TotalView on ANL
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What i1s Debugging and
Why do you need TotalView?



What is Debugging?

ADebugging is the process of finding and
resolving defects or problems within a
computer program or a system.

A Algorithm correctness
AData correctness
A Scaling/Porting correctness
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TotalView debugger enables you to do:

A Interactive debugging
A Live control of an executing program

A Remote debugging

i - A Debug a program running on another computer

|
@®!

A Postmortem debugging (core files and reversiebugging
A Debugging a program after it has crashed or exited

A Memory debugging

ACAYR YSY2NE YIyYylFI3aSYSyid LINRof SYa
m A Comparing results between executions

A Batch debuggingtyscript, Cl environments)
A Unattended debugging
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TotalView for HPC and for All

A Leading debug environment for HPC users
A Active development for 30+ years
A Thread specific breakpoints
A Control individual thread execution
A View complex data types easily
A FromMacBeokio Top500Supercomputers

A Track memory leaks in running applications

A Supports C/C++ and Fortran on Linux/Unix/Mac
A Support debugging mixed Python/C++

A Integrated Reverse debugging

A Batch noninteractive debugging.

A Allowing YOU to have
A Predictable development schedules

A Less time spent debugging

GtThreadExample - Process 1, Thread 1.3 (Breakpoint) - CodeDynamics 2015X

Fle Edit Group Process Thread Debug Window Help

i Group (Control)
|r—
Processes & Threads % Start Page % | main.cpp % | _poll_nocancel ® | worker.cpp % | moc_worker.cpp ¥ Call Stack * | Lookup File or Function *
Geo|Ts 5 TITn T @ T
Worker::doWork
Description #P #T ¥ Members
66 mutex. Lock(); Worker::qt_static_metacal
OtThreadEx.. 1 1 pl 67 bool abort = _abort;
gt nutex.unlock(); ZNL1OMetaObjectBactivateEPTOD..
Running 1 1 pl.l -
70 (abort) {
1 1 pLl 1 qDebug() << tborting worker process in Thread "esthread()-current] _ZN7QThreadl1setPriorityENS_BPri...
break:
Breakpoint 1 3 pl.35 } start_thread
13 1 1 pl3 clone
76 QEventLoop loop; -
14 1 1 14 77 delay = qrand() % 3;
i 78 qDebug()=="Delaying " <= delay;
15 1 1 pl5s OTimer: :singleShot(1000 * delay, &loop, SLOT(quit()));
. 80 Toop.execl);
enit valuezChanged(0String::nunber(i));
1
mutex. Lock(];
88 working = false;
- ‘ N, Ty Val
Stop Reason 89 mutex, unlock() ; Eme e el
Arguments
Process 1D 91 qDebug() =<"Worker process finished in Thread "e<thread(]-=currentThreadId J
¥| Thread ID this Worker * const  0x014¢
Process Held gg ; enit finished(); Block at Line 79

|

abort bool <Bad a

Process: QtThreadExample (1)

Thread: 1.3 - Breakpoint

Action Points % | Command Line % | Logger ¥ Data View #
DY Type Stop File Line Name Tope  Value
v 2 E Thread  worker.cpp 79 [Add New Expression]

Frame: Worker :doWork File: fhome/bburns/Downloads/QtThreadExample/worker.cpp

Line: 79

roguewave.com
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File Edit View Group Process Thread Action Foint Debug Tools Window Help ‘
Tol ' PHE B 59 5 @« 9 1 a1 2 M
A O”gmal pOWETfU' deSIQn Group (Contro) 4| 2 12 il Restart Next Step Out Run To| Prev UnStep Caller BackTo Live

Process 1 (0): simple (Exited or Never Created)

A Better tested for higkscale MPI jobs Stack Trace r Stack Frame

Mo current thread —'I-I Mo current thread —‘hl
A Assembler support T T 0 SIE
File Edit View Tools Window Help
] . | I | Rark | Host | Status | Description |
A Better Supported for Remote Dlsplay Client -1 <local> - ssimple (0 active threads)
Funct
1l #includs <stdic.h>
A To use % #include "arrav.h"
g_ int main{int argec, cha
A Set Ul preference & [rrrxrnares con
g_ g}%alt* comman%}_l
. i argo >
A Or command line argument 10 o !
Printf{tar =wshn', COomman ine_string);
tOta|VIeW _ OldUI i% | | printfi{"arg_2 wn', d_1 _st gi:
£
= i
Action F“oints] F’rgcesses] Thgeads] D) ] ]
dl

|

roguewave.com
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ReplayEngine_demo - o x

File Edit Yiew Group Froess Thread fotion Foint Debug Tonls Window

A Provides a modern, dockable interface e DA W 598 +[5 493 1

Halt Kill Restart | Mext Step Out Run To|Record GoBack Prew UnS

Process 1 (B0032): ReplauEngine_demo (At Breakpoint 13 [R]

A Easier to use, better workflows M e e i st " N

[Tt 1nain, FP=PFFLBO7IE00 [ || Function "main®s
ibc_start_main, FP=7ffd18073bc)
FP=7ffd18073bcl Registers for the framei

A An a'rC h ite Ctu re to g rOW Repl.ayEngine_ o Fras: 0x0040070d (4196109) - - *

L_L-

File Edit Group Process Thread Action Points Bookmarks Preferences - =} x

A To use;

I Set Ul preference
. ) e | ==
I Or command line argument Do e e

ReplayEngine... 1 1 pl

totalview - newUl Woek. 1 1 p

Options ] fction Points | Launch smngs] Bulk Launch] Tunamic Libraries
Parallel ] Fornatting ] Pointer Dive ] ReplayEngine | |

Choose the type of User Interface for the next restart———— J— Lookup File or Function %
#include <iostream>

#include <pthread,h> ~ New Interface - a modern, dockable style interface

i

& Threads *

H

int funcAlintd: “* Classic Interface - this traditional, dedicated uindow intsrface

int funcBlint:
int badstuff():
#define MAKDEPTH 20
o int arraylength=HAXDEFTH: 4 Select by Fanily and size tart_main

r—Classic User Interface Font

int wain() Fanily: [Fixed | sizer [22 4|
: o |
23 funcAl0): ~ Select by Full name
badstuff(: I P
Select s of thread attributes t by funch(0)s - R TR TR S A
€lect process or thre. attnbutes to group by exitils
Control Group } Classic Code and Data Font
| Share Group ( Fanily: [Fourier | sz [ 4
int Funelfint a0
Hostname Preferences x
hrguments or L
A New Ul gaps: 9 Press St s Display Setings oumentsort
' Thread State searcn  CuUstomize user interface display settings.
J et |
¥| Function User Interface Style

PARALLEL | crioose the type of user inerface fo the next restart

I Missing array slicing and
striding, view across, data
Vlsuallzation Action Points | Command Line * | Logger * | Replay Bookn

[ E— "‘-‘r\ '

I, 4 Type Stop Location rpe | Value

¥ 1 | IEIITE Group | ReplayEngine_den 25

I No very high-scale support

roguewave.com
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Intro & Starting Up



D TotalView Debugger

Start a Debugging Session @

SO FTNALEE

What would you like to debug?

A new program

A new parallel program

& running program (attach]

A core file

i) D) [id,) (D,

Help Manage Sessiunsl
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Start New ProcessArguments

# TotalView Session: demoMpi

= s B Program Session
£ gﬁgg"s Session Mame: [demolvipi jl =]

%5 EMVIROMHENT

Program Information

REQUIRED
File Mame: ||.l’homefdemousen’training-IabprogramsfdemGMpi £ Browse...l

Arguments: | Hellg World

Debug on Host

localhost (local) | Add Host..,

Press Start
Session to
start the
debugging

session. Help | Prewvious Next | |Hf.“

Cancell
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Start New ProcessEnableReplayEngine

@ TotalView Session: demoMpi

, PROGRA & Program Session

Rewverse Debugging

Sdep and aebug i reverse from any poivt Gurting execuion.

%% ENVIROHHENT Enable reverse debugging with ReplayEngine

Memaory Debugging

Dunarnically track mernory alocalions, calch Memory ervors and VIEW Temory anaiysis repards.

/ _| Enable memary debugging

1 Suppress memory error natifications

CUDA Debugging
Detect pobal rmerhory aoaressing Visialions ahd misaigned femory accesses for CLIDA based programs.
_| Enahble CUDA memory checking

FPress Start
Session to
start the
debugzing

session. Help | Previous Mext ||H..'-.?

Eancell
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Start New ProcessMemory Debugging

RO & Program Session
DEBUG ;
a TR Fewverse Debugging
Slep and gebug i reverse frant any polnt Gy exectiion.
% EHVIROHHEHT W Enable reverse dehugging with ReplayEngine
kemaory Debugging

Dynamically frack memory allocalions, Calch Memory eors and wigw memory analvsis reports.
Enable memory debuggini}

| Suppress memory errar notifications

CUDA Debugging
Detect giohal Rernory aoaressing Wolalions ahd misalaned memory aocesses for CUDA based programs.
_| Enahle CUDA memaory checking

FPress Start
Session to
start the
debugzing

session. Help | Frewvious Mext |

Eancell
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CUDA memory checking

® TotalView Session: demoMpi

- R & Program Session
DEBUG ;
h P TIONS Reverse Debugging
Step ard debug iy reverse from any pont aing execuiion.
%% EMYIROMHENT [T Enable reverse debugging with ReplayEngine
emory Debugging

Synarmcally frack memary allocalions, caIch MEmory eTors and WIEW memary analvsis repors.
T Enahle memory debugging

_| Suppress memory errar notifications

CLUDA Debugging
Hetect giobad ermory aamessig WolRiions and misalianed memary accesses for CLIDA based programs.

Enable CUDA memory checking

Press Start
Session to
start the
cebugging

session. Help | Previous

Eancell
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Set environment variables

@ TotalView Session: demoMpi

am FROGRAH A Program Session

Program Environment
Enter environment wvariables to add to your program's environ .

EXE_HOME_DIR=/home/demouserfprograms| &

DEBUG
ilg 11

Input Processing

Read standard input from file: Browse...l

Standard and Error Output Processing

4 Write to terminal

Enter the

S FERERTS ~ Yvrite all output to the same file

variahles that Outputfile:l Browse..| _| Append
the process
needs to run.

-~ Write standard andfor errar output to separate files

Standard 0utputfi|e:| Browse...l_l Append
Fress Start )
Socsion to Standard error file: | Browse..| _| Append

Eancell

start the
debugzing
session. Help | Frewvious MHext |‘
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Standard I/O redirection

@ TotalView Session: demoMpi

PROGRAN i
M PROGRA & Program Session
DEBUG :
£y orTIoNS Program Environment
Enter environment wvariables to add to your program’s environment:
“ ENYIRONHENT EXE_HOME_DIR=/home/demouser/programs|

Input Processing

Fead standard input from file: | Brows

Standard and Error Output Processing
- Write to terminal
Enter the
o

SR PR ~ ‘Write all output to the same file

variahles that Ompmﬂm:l
the process
needs to run.

~ ‘Write standard and/or error output to separate files
Standard output file: |

rowse...l_l Append

Standard error file: | Browse..| _| Append

Eancell

Press Start
Session to
start the
debugging

session. Help | Previousl Mext | ‘F.'ﬂ.'
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Attach to Process

Start a Debugging Session o~ _

What would you like to debug?

by last session: demadnd

A new program

A new parallel program

i, [,

A running program (attach)

N3

A core file

Help | ‘ [Manage Sessions|| Cancel
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Attach to Process

® TotalView Debugger: Attach to running program(s)

il # Attach to running program(s)
£y gﬁggﬂs Session Mame: | Ll
Processes
Host: localhost (local) jl il User; (default) _fl il IQ’ i’“’l ﬂ
Program | state |PID | PPID i
- bonobo-activation-server EE 1784 1
- clock-applet 3 1804 1
- dbus-daemon EE
I dbus-launch 3

I~ gnome-keyring-daeman

et o Ea L Tt

REQUIRED
I | 1693 |
REQUIRED
|| fusrlibvlibgeontz-4igoonfd-2 jl Browse... |
start the
debugging

session. Help | Frewvious MHext

FPress Start
Sessilon to

Eancell
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Attach to Process Enable Replay Engine

@ TotalView Session: gconfd-2

PR # Attach to running program(s)

DEBUG
OPTIONS

Reverse Debugging

Step ard debug v veverse Fromw atwy poind deing execuiion.

[T Enable reverse debugging with ReplayEngine

Attach Options

Place process(es) in control group: [default to a new group] f

FPress Start

Session to
start the
debugeing

sesslon. Help | Frewvious Mext
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Open a Core File

Start a Debugging Session m

What would you like to debug?

[ iy

2 by last session: alemadivinl
[T

M| Anew program

[ W

M| A new parallel program
-y

4 W

h— A running program (attach
[N

x A care file

Help | ‘ Ivanage Sessionsl Cancel
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Open a Core File

@ TotalView Debugger: Core File Session

& [tins & Core File Session
Session Name: | jl g
Core File
REQUIRED
File Mame: ||a’h0me.l’demousera’training-Ial}programsfcombined ! Browse...l

Program Information

REQUIRED
File Mame: ||core Browse...l
Debug on Haost
localhost (local) /| Add Host..|

Fress Start
Session to
start the
debugging

session. Help | Frevious Mext Eancell
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Process Control & Navigation



Interface Concepts

Root Window

TotalView for HPC 2018%,2,0
File Edit Yiew Tools Help
A f ” b . Share Group Procz | Threads | Members
State of a processes peing Smpiexec (53) 1 1 o1
. -<local> 1 1 pl
debugged =+ MRunning 1 1 pl
= “unknown address> 1 1 pl.1
E-<unknown address> 1 1 el,1
A Process and Thread status 1,1 1 1 p1.1
S-tx_basic_mpi (547 12 12 0-11
. . Z-hazwell 12 12 o-11
A Instant navigation access e roskpmint s o-11
- main 12 12 0-11,1
H-tx_hasic_mpi.c#101 1 1 0,1
A Sort and aggregate by ey T o1
E-tx_basic_mpi,c#ll2 11 11 1-11.1
status 3,1 1 1 1.1
o 1 1 2.1
0,1 1 1 3.1
b, 1 1 1 d,1
7.1 1 1 5.1
8,1 1 1 6,1
= 1 1 7.1
L 1 1 a8.1
-11,1 1 1 =
12,1 1 1 10,1
-13,1 1 1 11,1
Conf igure i<|
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L} u A . .
\
P rO CeSS WI n d OW Ove rVI e File Edit W¥iew Groww Process Thread Action Point  Debug  Tools  Hindow Help |
Group (Controll /| & II ! I’ 5 ‘:g Q . :J ; % §
Go Halt Kill Restart |Mext Step Out Fun To |Record GoBack F'reu UnStep Caller Bl
Rank 0: mpiexec<tx_basic_mpi>.0 (At Breakpoint 13} TOOIbar
AR Trrea 1: tx_basic_mpi (Pt Breskpoint 1> MMHLHHLHHHLHTHHHHHHT
Stack Trace _.I Stack Frame
[ C Jmain, M| | |Function "main®: /|
__libc_start_main, FP= ?FFFFFF chcl arges 000000001 (1) [l
_start, FP=Ffffffffchch arguy OxFFFFFFffcBel > Ox7FFfffffo
Block "$h1" s
Stack Trace Pan Qe ot filed 000000000
Local variables:
myids 0xO0000000 (1) - Stack Frame Pane
RLMPFOGSS 00000000 {12)
worlds: 044000000 (11408508887
out: (0000000
hosthames: "sbhE42NET TN IR NLTT -I/_
Function main in tx_basic_mpi.c [<] [E]
27 message = getenw("MESSAGE") 7 geterw("MESSAGE") + "": A
. . 28 if (*message == 'n' &% *(message+l) == 'a' &b *imessage+?) == 'm' B *lmessaget3) == 'e')
Provides detailed state of o3
30 gethostname (hosthame,128) 1
i a1 message = hosthames
92
one process, or a SIngIe 3z
94 HPI_Init(&ar‘g%,&ar‘gu): )
B H 95 MPI_Comm_size(HPI_COMM_WORLD, &nunprocs): A% CHD: =et BP_1_LIME ZLIMEMDX */
thread within a process 95 MPI_Comn_rank(HP1_COMM_WORLD tmgid) s /% CHD: set BP_WASTER_L_LINE -1 */
P % - Source Pane
38 if (myid == 0}
99
100 char* outfile = NULL:
. . outfile = getenu("TH_DUTFILE"):
102
A single point of control B ofile)
104 out = Fopenloutfile, "w"):
105
for the process and other 06 if Coue)
107 out = stdout:
108
related processes ﬂg , ranki{numprocs, aut):
111 else
rankn{myid):
113
114 £
] =]
Action F'Dints] Thteadsl Hﬂl BI Ir= —|T+ — Tabbed Al’ea
1 [.../tx_basic_mpi.c#l0l] tx_basic_mpi,c#l0l maintOxl4G A
2 [.../to_basic_mpi.c#l12] tx_basic_mpi,c#ll2 maintOxlaf
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Stepping Commands

Group (Contral)

4> W 4

@0 Halt kil Festart

5

M et

I

atep Out

Based on

PC location
Out

Function subl in stepr.c

24
ac
26
)
28

23]

int subZ{int);
int sub3(int) ;

int nain
ink j, k, 1 =10;

Jo=osubl(i); n o= sul3(j);

printf {"The wvalue of k is zdwr", k)

i

int subl{int =)
i

7 - =2ubZiDy,
return (H++);
]

int oubZ{int ) Step
i
7 -y + 10, "‘—
+

Run To

K
return (w10} ; —-q

int suh3{int =)

return (2*2);

=




Action Points

File Edit View Group Process Thread Action Point  Tools  Window Help
Thread 1.1 _"r.I b II ii Set Barrier
Go  Halt Delete Rest =

Process 1 (10833): fork_|
Thread 1.1 (10833) (Stoy

Stack Trace gisabl; BreaprintS

&t Location...  Cirl+B

wait_a while, FP=hfffessd |3 oo A
snore, FP=bfffeaecd = (33 J
forker, FP=hfffebeal Properties
[Cr+] fork_wrapper, FP=hfffehdd = (10243
main, FP=hfffec(8 || # Suppress All  Cir+3hift+D 5 (10)
libc start main, FP=hfffecds D thkr t)
— — — elate All L (107445 . .
drece Barrier Points
Save all
J Save &5 'TI:C'i"T'I'CI"_IL
Function fork_wrapper in fork_loop.cexx = =
1031 woid fork wrapper (int fork count) A

1032 ¢ 141 H

1035 pthoead &y ptaa - pthcess se1c 0, Conditional Breakpoints
1034 pthread_t new_tid;

1035 pthread_attr_t attr;

1036 int whoops;

1037 int local fork count;

1038 thread_ptids[0] = my_ptid;
1033

1040 if {Ifork late)

1?1:)2 forker (fork_count); /* Newer returns. +*/ Eval u ati O n POi ntS

1043 local fork count = fork count > 0 7 fork_count @ 1;
%3:113 printf {"Pid %d: Spinning off a second thread to forkin", (int){getp

133? printf ("root_ptid = %1d, pid=%din", (long) (my_ptid), (int) (getpid() g
1048 new tid = 0; .
e R e g N Watchpoints

=] 1 El

g

bp. cro#BE3 walt o while+OxT1
p. croedbhY  wait a_while+0xf9
l (lihc. so0. 6 unloaded)

Disable

| —

Delete

=== Properties
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Conditional Breakpoint
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